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)LJ&ODPSLQJRIWKHIODWVKHHWRQWKHVXEVWUDWHSODWHE\VFUHZVJUHHQDUURZV6FUHZLQJRIWKHSODWIRUPLVLQGLFDWHGE\UHGDUURZVWKHSRZGHU
UHFRDWLQJGLUHFWLRQE\WKHEOXHDUURZ
)RU WKH DGGLWLYH VWUXFWXUHV D F\OLQGULFDO HOHPHQWZLWK D GLDPHWHU RI݀ ൌPPDQG D KHLJKW RI݄ PP LV
FKRVHQDQGYLVXDOL]HGLQ)LJ7KHVHGLPHQVLRQVDUHFKRVHQZLWKUHJDUGVWRWKHPHFKDQLFDOFKDUDFWHULVWLFVRIWKH
VKHHWPHWDODQGWRJXDUDQW\VXIILFLHQWFRQWDFWDUHDIRUWKHVKHDUGLH%DVHGRQIRUPHULQYHVWLJDWLRQVRI$KXMDHWDO
>@DQDGGLWLRQDOILOOHWUDGLXVRIܴ PPDWWKHFRQQHFWLRQ]RQHKDVEHHQPDQXIDFWXUHGWRDYRLGVWUHVVLQGXFHG
)LJ7HVWLQJVHWXSDQGJHRPHWU\IRUPHFKDQLFDOFKDUDFWHULVDWLRQRIK\EULGSDUWV>@
DGGLWLYHO\PDQXIDFWXUHG
F\OLQGHU
UHFRDWHU
VKHHW
VXEVWUDWHSODWH

PP
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FUDFNLQJ FDXVHG E\ JHRPHWULFDO VWUHVV VXSHUSRVLWLRQ )LQDOO\  F\OLQGHUV ZHUH SODFHG RQ D VLQJOH IODW VKHHW DV
SLFWXUHGLQ)LJ

 
)LJD'LPHQVLRQVRIWKHDGGLWLYHF\OLQGHUIRUWKHK\EULGVDPSOHVDQGEDK\EULGVDPSOHIRUVKHDUWHVWLQJDIWHUIDEULFDWLRQDQGSRVW
SURFHVVLQJ
)RUPHFKDQLFDODQGPHWDOOXUJLFDOFKDUDFWHUL]DWLRQODVHUFXWWLQJRIWKHVKHHWPHWDOKDVEHHQSHUIRUPHGLQDZD\
WRUHGXFHWKHSRVVLELOLW\RIDQ\DGGLWLRQDOVWUHVVHVWRWKHLQWHUDFWLRQ]RQH)RUSUHSDULQJWKHFURVVVHFWLRQDQDO\VLV
WKHK\EULG VDPSOHVZHUH IXUWKHU FXW DV SLFWXUHG LQ)LJ  D7KHUHE\ LWZDV DYRLGHG WR FXW WKH F\OLQGHU DV WKLV
ZRXOGDOVRLQGXFHIXUWKHUVWUHVVHVDQGSRVVLEOHDUWLIDFWVLQWKHODWHUDQDO\VLV7KHVDPSOHVZHUHIXUWKHUDGMXVWHGE\D
FODPS)LJEEHIRUHHPEHGGLQJWKHPWRPDNHVXUHWKDWWKHODWHUFURVVVHFWLRQLVSDUDOOHO WRWKHF\OLQGHUD[LV
$IWHUHPEHGGLQJWKHVDPSOHZDVJULQGHGVWDUWLQJIURPWKHVXUIDFHRIWKHF\OLQGHUGRZQWRWKHD[LVRIWKHF\OLQGHU
DQG DIWHUZDUGV SROLVKHG&DUH KDV EHHQ WDNHQ WR DVVXUH WKDW WKH FURVV VHFWLRQ VWD\HGSDUDOOHO WR WKH F\OLQGHU D[LV
ZKLOHJULQGLQJ,PDJHVRIWKHFURVVVHFWLRQZHUHWDNHQE\PHDQVRIRSWLFDOPLFURVFRS\


)LJD6WHSVIRUFXWWLQJEHIRUHHPEHGGLQJWKHK\EULGVDPSOHESUHSDUHGVDPSOHWREHHPEHGGHGDQGJULQGHG
7REHDEOHWRFRPSDUHWKHPHFKDQLFDOUHVXOWVRIWKHK\EULGVDPSOHVDQGFRQYHQWLRQDOPDQXIDFWXULQJWHFKQLTXHV
FRPSOHWHO\ DGGLWLYH PDQXIDFWXUHG VWUXFWXUHV KDYH EHHQ EXLOW XVLQJ WKH VDPH JHRPHWU\ DV WKH K\EULG VDPSOHV
7KHUHIRUHWKHVHVDPSOHVFRQVLVWRIDF\OLQGHURQWRSRIDTXDGUDWLFVXUIDFH6XSSRUWVWUXFWXUHVZHUHXVHGEHWZHHQ
VDPSOHDQGVXEVWUDWHSODWHWREHDEOHWRUHPRYHWKHSDUWVIURPWKHSODWIRUP7KHVDPSOHVZHUHEXLOWLQWKUHHGLIIHUHQW
RULHQWDWLRQV)LJ LQRUGHUWRGHWHUPLQHWKHYDULDWLRQGXHWRDQLVRWURS\7KHVHSDUWVDUHYLVXDOL]HGZLWKVXSSRUW
VWUXFWXUHVDVGHVLJQHGZLWKDYHUWLFDORULHQWDWLRQERULHQWDWLRQDQGFKRUL]RQWDORULHQWDWLRQ


)LJ'LIIHUHQWRULHQWDWLRQVRIWKHFRPSOHWHO\DGGLWLYHPDQXIDFWXUHGSDUWVDYHUWLFDOF\OLQGHUERULHQWDWLRQDQGFKRUL]RQWDOF\OLQGHU
D E
PP
7L$O9
K\EULGSDUW
7L$O9
K\EULGSDUW
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%HIRUHPHFKDQLFDO WHVWLQJ KHDW WUHDWPHQWZDV SHUIRUPHG RQ WKH K\EULG DVZHOO RQ WKH IXOO\ DGGLWLYH VDPSOHV
DFFRUGLQJWR9UDQFNHQHWDO>@7KHVDPSOHVZHUHKHDWHGXSLQKWR&DQGKHOGKDWWKLVWHPSHUDWXUH
$IWHUZDUGVWKHVDPSOHVZHUHFRROHGGRZQLQWKHIXUQDFH9UDQFNHQHWDO>@UHSRUWHGWKDWWKLVKHDWWUHDWPHQWZKLFK
ZDV DGMXVWHG WR WKH/DVHU%HDP0HOWLQJSURFHVV VLJQLILFDQWO\ LPSURYHV WKHPHFKDQLFDO SURSHUWLHVRI/%0EXLOW
SDUWV
$V D IXUWKHU SRVVLELOLW\ IRU FRPSDULVRQ WKH VDPH VDPSOH JHRPHWU\ ZDV IDEULFDWHG E\ PDFKLQLQJ 7KHUHIRUH
7L$O9SODWHVZLWKDWKLFNQHVVRIݐ଴ PPDQGDQDUHDRIPP[PPKDYHEHHQXVHG7KHVHGLPHQVLRQV
LQFOXGHUHJLRQVIRUFODPSLQJ7RDFKLHYHWKHILQDOHSDUWJHRPHWU\SLFWXUHGLQ)LJPLOOLQJRQDXQLYHUVDOPLOOLQJ
PDFKLQHKDVEHHQDSSOLHG
5HVXOWVDQGGLVFXVVLRQ
7R LQYHVWLJDWH WKH HIIHFW RI ODVHU EHDPPHOWLQJ SDUDPHWHUV RQ WKH IDEULFDWLRQ RI K\EULG SDUWV FRQVLVWLQJ RI DQ
LQLWLDOVKHHWHOHPHQWDQGDGGLWLYHPDQXIDFWXUHGIXQFWLRQDOHOHPHQWSDUDPHWHUVHWV$%DQG&DVSUHVHQWHGLQ7DEOH
DUHDQDO\]HG(DFKSDUDPHWHUVHWKDVDQLGHQWLFDOOD\HUWKLFNQHVVRIPDQGKDWFKGLVWDQFHRIP(QHUJ\
GHQVLW\LVFDOFXODWHGXVLQJIRUPXOD

ൌ 
ሾȗȗሿ
ቀ 
͵
ቁ     
 
7DEOH/DVHUEHDPPHOWLQJSDUDPHWHUVIRUXWLOL]HGSDUDPHWHUVHWV$%DQG&
3DUDPHWHUVHW /DVHUSRZHU: 6FDQVSHHGPPV (QHUJ\GHQVLW\-PP
$   
%   
&   

,QRUGHUWRUHODWHWKHPHFKDQLFDOFKDUDFWHULVWLFVRIWKHK\EULGVWUXFWXUHVWRWKHSURFHVVG\QDPLFVDQDQDO\VLVRI
WKH LQWHUDFWLRQ ]RQHEHWZHHQ WKH VKHHW DQG DGGLWLYH VWUXFWXUH LV SHUIRUPHG'LVFXVVLRQRI SRURVLW\ RULJLQZLOO EH
GLVFXVVHGLQDODWHUVWDJHRIWKLVSDSHU

  
)LJ,QWHUQDOVWUXFWXUHRIK\EULGVDPSOHVPDQXIDFWXUHGZLWKHQHUJ\GHQVLWLHVD-PPE-PPDQGF-PP
)XUWKHUWKHFRUUHODWLRQEHWZHHQHQHUJ\GHQVLW\DQGUHODWLYHGHQVLW\DQGPD[LPXPVKHDUIRUFHIRUWKHIDEULFDWHG
VDPSOHVLVVKRZQLQ7DEOH



D E F
  PP PP PP
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7DEOH3URFHVVSDUDPHWHUVDQGPHFKDQLFDOFKDUDFWHULVWLFVRIWKHXWLOL]HGSDUDPHWHUVHWV$%DQG&
3DUDPHWHUVHW (QHUJ\GHQVLW\-PP 5HODWLYHGHQVLW\ 0D[LPXPVKHDUIRUFH
ࡲ࢓ࢇ࢞1
$   
%   
&   

)URPWKHUHODWLRQVKLSEHWZHHQHQHUJ\GHQVLW\DQGUHODWLYHGHQVLW\LWFDQEHFRQFOXGHGWKDWWKHRSWLPL]HGDPRXQW
RIHQHUJ\GHQVLW\IRUDFKLHYLQJDIXOO\GHQVHVWUXFWXUHLVDURXQG-PP,WLVH[SHFWHGWKDWLQSUDFWLFHDSURFHVV
ZLQGRZDURXQGWKLVYDOXHZRXOGUHVXOWLQKLJKUHODWLYHGHQVLW\7KLVHQHUJ\GHQVLW\FRUUHVSRQGVWRDODVHUSRZHURI
:DQGDVFDQVSHHGRIPPV$UHODWLYHGHQVLW\RIDERYHLVDFKLHYHGXVLQJWKLVSURFHVVSDUDPHWHUDV
YLVXDOL]HG LQ )LJ  E )URP WKH DQDO\]HG SDUDPHWHU VHW LW LV IXUWKHU REVHUYHG WKDW D ORZHU RU KLJKHU HQHUJ\
GHSRVLWLRQ UHVXOWV LQ VWUXFWXUDOSRURVLW\)LJ D UHSUHVHQWV WKH VWUXFWXUHRI WKHK\EULG VDPSOHDFKLHYHGZLWKDQ
HQHUJ\GHSRVLWLRQRI-PP7KLVORZHQHUJ\GHQVLW\UHVXOWVLQDUHODWLYHGHQVLW\RI$FORVHUDQDO\VLVRI
WKHSRURVLW\UHYHDOVWKHLUUHJXODUVKDSHRIWKHSRUHVDVLQGLFDWHGLQ)LJD7KHORZPD[LPXPVKHDUIRUFHFDQEH
DWWULEXWHGWRWKHKLJKVWUXFWXUDOSRURVLW\,QDGGLWLRQWRWKHDPRXQWRISRURVLW\WKHSRUHPRUSKRORJ\DOVRSOD\VDUROH
GXULQJIUDFWXUH7KHLUUHJXODUVKDSHHVSHFLDOO\ WKHORQJKRUL]RQWDOSRUHVFDQDFWDVFHQWHUVRIFUDFNLQLWLDWLRQDQG
FDXVHSUHPDWXUHIUDFWXUHRIWKHVWUXFWXUH7KH\DUHFDXVHGE\ORZHQHUJ\GHSRVLWLRQGXHWRXQPHOWHGDUHDV

 
)LJ3RUHDQDO\VLVRIVSHFLPHQ$ZLWKHQHUJ\GHQVLW\-PPDQGEVSHFLPHQ&ZLWKHQHUJ\GHQVLW\-PP
,QFRPSDULVRQWKHSDUDPHWHUVHW&ZLWKHQHUJ\GHQVLW\-PPLQGLFDWHVDUHODWLYHGHQVLW\RIDQGD
PD[LPXPVKHDUIRUFHDWIUDFWXUHRI17KHVKHDUIRUFHLQWKHFDVHRISDUDPHWHUVHW&LVVLJQLILFDQWO\KLJKHU
WKDQ$$OWKRXJKWKHUHLVVWLOOSUHVHQFHRIKLJKSRURVLW\WKHSRUHVDUHVPDOOHULQVL]HDQGVSKHULFDOLQVKDSH7KH
SRURVLW\LQWKLVFDVHLVPRVWOLNHO\FDXVHGGXHWRYDSRXUHQWUDSPHQWDVDUHVXOWRIYHU\KLJKHQHUJ\GHSRVLWLRQGXULQJ
WKH/%0SURFHVV7KLVUHVXOWVLQDVSKHULFDOSRUHVKDSHDVVKRZQLQ)LJE
3DUDPHWHUVHW%LQGLFDWHVDYHU\KLJKUHODWLYHGHQVLW\DQGFRUUHVSRQGLQJO\KLJKPD[LPXPVKHDUIRUFH,QRUGHUWR
FRPSDUH PHFKDQLFDO FKDUDFWHULVWLFV RI K\EULG PDQXIDFWXUHG WR FRQYHQWLRQDO PDQXIDFWXUHG SDUWV VDPSOHV DUH
IDEULFDWHGXVLQJ FRQYHQWLRQDO SURFHVVHV)LUVW RI DOO SDUWV DUH IDEULFDWHG VXEWUDFWLYHO\E\PDFKLQLQJD7L$O9
SODWH PDWHULDO )XUWKHU FRQYHQWLRQDO DGGLWLYHO\ PDQXIDFWXUHG VDPSOHV LQ WKUHH GLIIHUHQW EXLOG RULHQWDWLRQV WR
EXLOGLQJGLUHFWLRQ LVPDQXIDFWXUHG DV VKRZQ LQ)LJ :LWKLQ)LJ  WKH UHVXOWLQJK\EULG VKHDU ERQG VWUHQJWK DW
IUDFWXUHIURPWKHK\EULGVWUXFWXUHLQFRPSDULVRQWRWKHVXEWUDFWLYHDQGDGGLWLYHVWUXFWXUHVLVSUHVHQWHG
VSKHULFDO
SRUHV
KRUL]RQWDO
SRUHV
LUUHJXODU
VKDSHGSRUHV
7L$O9
K\EULGSDUW
VSHFLPHQ&
7L$O9
K\EULGSDUW
VSHFLPHQ$
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
)LJ&RPSDULVRQRIK\EULGVKHDUERQGVWUHQJWKRIVSHFLPHQVEXLOWZLWKGLIIHUHQWPDQXIDFWXULQJWHFKQLTXHV
+\EULGVWUXFWXUHVLQGLFDWHDORZHUEXWFRPSDUDWLYHYDOXHIRUWKHK\EULGVKHDUERQGVWUHQJWK,WLVDOVRYLVXDOL]HG
WKDWWKHDGGLWLYHPDQXIDFWXUHGVWUXFWXUHVRXWSHUIRUPWKHVXEWUDFWLYHVDPSOHVIRUK\EULGVKHDUERQGVWUHQJWK:LWKLQ
WKH FRPSOHWH DGGLWLYHO\ PDQXIDFWXUHG VSHFLPHQV LW LV REVHUYHG WKDW WKH K\EULG VKHDU ERQG VWUHQJWK RI YHUWLFDO
VDPSOHV LV KLJKHU WKDQ WKDW RI WKH GLDJRQDO DQG KRUL]RQWDO VDPSOHV 7KLV LV FRQWUDU\ WR WKH DQLVRWURSLF EHKDYLRU
REVHUYHG IRU WHQVLOH VWUHQJWKV LQ DGGLWLYHO\PDQXIDFWXUHG VDPSOHV $V WKH IRFXV RI WKLV SDSHU FRQVWLWXWHV K\EULG
SDUWV WKHSUHVHQWHG DQLVRWURS\RI FRQYHQWLRQDO DGGLWLYHO\PDQXIDFWXUHGSDUWVZLWK UHVSHFW WR VKHDUERQG VWUHQJWK
ZLOOEHIXUWKHULQYHVWLJDWHGLQIXWXUH
,QRUGHUWRGHWHUPLQHWKHUHDVRQVIRUK\EULGVKHDUERQGVWUHQJWKGLIIHUHQFHZLWKLQWKHLQYHVWLJDWHGPDQXIDFWXULQJ
WHFKQRORJLHV DQG WR EHWWHU XQGHUVWDQG WKH LQWHUDFWLRQ EHWZHHQ WKH VKHHW DQG DGGLWLYH VWUXFWXUH PLFURVWUXFWXUDO
DQDO\VLVRIWKHLQWHUDFWLRQ]RQHLVSHUIRUPHG7KLVLVSUHVHQWHGLQ)LJ,W LVREVHUYHGWKDWWKHUHLVDVLJQLILFDQW
LQWHUDFWLRQ ]RQH EHWZHHQ WKH LQLWLDO VKHHW DQG WKH DGGLWLYH HOHPHQW5HVXOWLQJPLFURVWUXFWXUDO FKDQJHVZLWKLQ WKH
LQLWLDO VKHHWPHWDO DUH FDXVHGE\ HQHUJ\ LQSXWGXULQJ ODVHU LUUDGLDWLRQ&RPSDULQJ WKH LQYHVWLJDWHGPDQXIDFWXULQJ
WHFKQRORJLHV WKLV LQWHUDFWLRQ ]RQH LV VLJQLILFDQWO\ GLIIHUHQW :KLOH FRPSOHWH DGGLWLYH PDQXIDFWXULQJ DV ZHOO DV
PDFKLQLQJOHDGWRDKRPRJHQHRXVPLFURVWUXFWXUHWKLVLVQRWWKHFDVHIRUK\EULGPDQXIDFWXUHGSDUWV$OWKRXJKWKH
SODWIRUPLVKHDWHGWRDWHPSHUDWXUHRI&WKHUHLVVWLOODKLJKWHPSHUDWXUHJUDGLHQWEHWZHHQWKHWRSVXUIDFHRIWKH
VKHHWPHWDODQG WKH ILUVW OD\HUVRI WKHDGGLWLYH VWUXFWXUH7RTXDQWLI\ WKH LQWHUDFWLRQ]RQH ODVHUSHQHWUDWLRQGHSWK
݀௅௉஽LV GHILQHG DVSDUDOOHO GLVWDQFHEHWZHHQ VKHHW VXUIDFH DQGPHWDOOXUJLFDO WUDQVIRUPDWLRQ ]RQHZLWKLQ WKH VKHHW
VWUXFWXUH FDXVHG E\ ODVHU LUUDGLDWLRQ 6SHFLPHQVPDQXIDFWXUHGZLWK SDUDPHWHU VHW$ DUH FKDUDFWHUL]HG E\ D ODVHU
SHQHWUDWLRQ GHSWK RI݀௅௉஽  P VSHFLPHQ% E\ ݀௅௉஽  P DQG VSHFLPHQ& E\ ݀௅௉஽  P )RU
VSHFLPHQ$WKHUHH[LVWVQHLWKHUDVLJQLILFDQWSHQHWUDWLRQGHSWKQRUDVLJQLILFDQWLQWHUDFWLRQ]RQHZLWKLQWKHDUHDRI
WKHLQLWLDOVKHHW:KHUHDVQRWDEOHSHQHWUDWLRQGHSWKFDQEHSRLQWHGRXWIRUVSHFLPHQ%7KHKLJKHVWLQIOXHQFHZLWKLQ
WKH LQLWLDO VKHHW LV PHDVXUHDEOH IRU VSHFLPHQ& ZKHUH ODVHU HQHUJ\ GHSRVLWLRQ DIIHFWV WKH PHWDOOXUJLFDO VKHHW
VWUXFWXUHDWDERXWRIWKHLQLWLDOVKHHWWKLFNQHVV,WLVH[SHFWHGWKDWPHFKDQLFDOFKDUDFWHULVWLFVRIK\EULGSDUWVDUH
VLJQLILFDQWO\DIIHFWHGE\WKHLQWHUDFWLRQ]RQHFRQVLVWLQJRIWKHVWUXFWXUDOFKDQJHGDUHDZLWKLQWKHVKHHWPHWDODQGWKH
ILUVWOD\HUVRIWKHDGGLWLYHEXLOWHOHPHQW7KHUHIRUHFUDFNLQJHYDOXDWLRQIRUVKHHUWHVWHGVSHFLPHQVLVLQYHVWLJDWHG
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
)LJ0LFURVWUXFWXUHRILQWHUDFWLRQ]RQHIRUK\EULGVWUXFWXUHIRUSDUDPHWHUVHW$%DQG&
&UDFNLQJDWPD[LPXPIRUFHIRUVSHFLPHQ$LVKDSSHQLQJSDUDOOHOWRWKHVKHHWVXUIDFHZKLFKLVH[SODLQHGGXHWR
KLJK SRURVLW\ ZLWKLQ WKH DGGLWLYH HOHPHQW ,Q FRQWUDVW WR WKDW FUDFNLQJ RI VSHFLPHQ% VWDUWV EHWZHHQ VKHHW DQG
IXQFWLRQDOHOHPHQWLQRULHQWDWLRQWRWKHVKHHWVXUIDFH)XUWKHUFUDFNHYROXWLRQRFFXUVZLWKLQWKHVKHHW7KHKHDW
HIIHFWHG]RQHEHWZHHQ VKHHWPHWDO DQGDGGLWLYH VWUXFWXUH OHDGLQJ WRKLJKPLFURVWUXFWXUDO LQKRPRJHQHLW\FRXOGEH
DUJXHG DV WKH SRVVLEOH UHDVRQ IRU ORZHU VKHDU VWUHQJWK RI K\EULG VWUXFWXUHV LQ FRPSDULVRQ WR WKH FRQYHQWLRQDOO\
PDQXIDFWXUHG VWUXFWXUHV )RU VSHFLPHQ& FUDFNLQJ RULHQWDWLRQ DQG GHYHORSPHQW LV FRPSDUDEOH WR VSHFLPHQ%
1HYHUWKHOHVVIRUWKLVSDUDPHWHUVHWWKHDEVROXWHYDOXHRIVKHHUERQGVWUHQJWKLVUHGXFHGWRDERXWFRPSDUHGWR
VSHFLPHQ% 7KLV GLIIHUHQFH FDQ EH DUJXHG GXH WR SRUHVZLWKLQ WKH VKHHWPHWDO ZKLFK DUH FDXVHG E\ KLJK ODVHU
HQHUJ\GHSRVLWLRQ DQGYDSRUL]DWLRQZLWKLQ WKH VKHHW&RQYHQWLRQDO DGGLWLYH VWUXFWXUHVDUH IDEULFDWHGRQ D VXSSRUW
VWUXFWXUHDQGGRQRWVXIIHUIURPFRPSOLFDWLRQVRIWKHLQWHUDFWLRQZLWKWKHVKHHWPHWDO$OVRPDFKLQHGSDUWVDUHQRW
DIIHFWHGE\WKHVLJQLILFDQWKHDWJUDGLHQWVDVVRFLDWHGZLWKK\EULGPDQXIDFWXULQJ,QIXWXUHZRUNLWZRXOGEHDLPHGWR
XQGHUVWDQGWKHPLFURVWUXFWXUDOFKDQJHVZLWKLQWKHLQWHUDFWLRQ]RQHRIK\EULGSDUWV OLQNHGWR WHPSHUDWXUHJUDGLHQWV
GXULQJPDQXIDFWXULQJSURFHVV
5.1. Sustainability and productivity of manufacturing of hybrid parts 
(QKDQFHG SURGXFWLYLW\ VXVWDLQDEOH PDQXIDFWXULQJ DQG GHVLJQ IOH[LELOLW\ DUH WKH SULPDU\ PRWLYDWLRQV EHKLQG
GHYHORSLQJ WKHK\EULGPDQXIDFWXULQJPHWKRGRORJ\$GYDQWDJHVRIGHVLJQIOH[LELOLW\XVLQJDGGLWLYHPDQXIDFWXULQJ
KDYHEHHQZHOOGRFXPHQWHGLQWKHSDVW>@,QRUGHUWRXQGHUVWDQGWKHDGYDQWDJHVRISURGXFWLYLW\DQGVXVWDLQDELOLW\
DFRPSDULVRQRIPDQXIDFWXULQJWLPHDQGUDZPDWHULDOFRQVXPSWLRQLVPDGHEHWZHHQWKHFRQYHQWLRQDODGGLWLYHDQG
K\EULGPDQXIDFWXULQJWHFKQLTXHV
7KH EXLOG WLPH IRU DGGLWLYH DQG K\EULG LV FDOFXODWHG E\ FRPELQLQJ WKH UHFRDWLQJ WLPH IRU HDFK OD\HU DQG WKH
VFDQQLQJ WLPHIRU WKHYROXPHIROORZLQJH[SHULPHQWDO LQYHVWLJDWLRQV7KHVFDQQLQJ WLPH LVFDOFXODWHGXVLQJDVFDQ
VSHHGRI PP  VHF IURP WKH SURFHVVSDUDPHWHU VHW%7KH FXUUHQW FDOFXODWLRQ LV GRQH IRU IDEULFDWLQJRQO\ D
VLQJOH VWUXFWXUHZLWK WKH WHVWLQJJHRPHWU\ SUHVHQWHGZLWKLQ WKLV SDSHU LQ)LJ 7KLV LQFOXGHV DQ DUHDZLWK VKHHW
GLPHQVLRQRIPP[PP[PPDQGDF\OLQGULFDOHOHPHQWZLWKDGLDPHWHURIG PPDQGDKHLJKWRI
 PP 7KH FDOFXODWLRQ DOVR FRQVLGHUV D VXSSRUW VWUXFWXUH RI PP IRU FRQYHQWLRQDO DGGLWLYHPDQXIDFWXULQJ
KRZHYHUWKHUHLVQRQHHGIRUVXSSRUWVWUXFWXUHVLQWKHFDVHRIK\EULGPDQXIDFWXULQJ7KHUDZPDWHULDOFRQVXPSWLRQ
IRUVXEWUDFWLYHPDFKLQLQJLVEDVHGRQWKHFDOFXODWLRQWKDWRQO\RIWKHLQLWLDOEXONPDWHULDOUHVXOWVLQWKHILQDOSDUW
YROXPH )RU UDZPDWHULDO FRQVXPSWLRQ LQ WKH FDVH RI K\EULG DQG DGGLWLYH SURFHVVHV D PDWHULDO ZDVWDJH LV
DVVXPHG$OVRWKHIDEULFDWLRQRIVXSSRUWVWUXFWXUHVLVFRQVLGHUHGIRUEXLOGWLPHDQGUDZPDWHULDOHVWLPDWH)RUWKH
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EXLOG WLPH HVWLPDWLRQ WKH VHWXS WLPH LV QRW FRQVLGHUHG IRU DQ\ PHWKRGRORJ\ 1HYHUWKHOHVV LQ D SUDFWLFDO
HQYLURQPHQW PDQXIDFWXULQJ WLPH FRXOG LPSURYH LI PXOWLSOH VWUXFWXUHV ZLWK LQGLYLGXDOL]HG GHVLJQV DUH IDEULFDWHG
XVLQJK\EULGRUDGGLWLYHPHWKRGRORJLHV7KLVKRZHYHUPD\QRWEHWKHFDVHIRUVXEWUDFWLYHPDQXIDFWXULQJ$OVRIRU
FRPSOH[GHVLJQVWKHK\EULGDQGDGGLWLYHPDQXIDFWXULQJZRXOGKDYHDQDGYDQWDJHIRUWKHVHWXSWLPH$VWKHUHZRXOG
QRWEHDQ LQFUHDVH LQ WKH UHFRDWLQJ WLPH IRUPXOWLSOHSDUWV LWZRXOGDOVREHDQDGYDQWDJHZKHQPXOWLSOHDGGLWLYH
VWUXFWXUHVZRXOG EH IDEULFDWHG LQ D VLQJOH EXLOG 7KH REVHUYHG EXLOG WLPH DQG UDZPDWHULDO FRQVXPSWLRQ IRU WKH
LQYHVWLJDWHGPDQXIDFWXULQJPHWKRGRORJLHVDUHSUHVHQWHGLQ7DEOH
7DEOH&RPSDULVRQRIEXLOGWLPHDQGUDZPDWHULDOFRQVXPSWLRQIRUGLIIHUHQWPDQXIDFWXULQJPHWKRGRORJLHV
0DQXIDFWXULQJPHWKRGRORJ\ %XLOGWLPHHVWLPDWHPLQXWHV 5DZPDWHULDOFRQVXPSWLRQPP
+\EULG3DUDPHWHUVHW%  
6XEWUDFWLYH  
$GGLWLYHYHUWLFDORULHQWDWLRQ  
$GGLWLYHGLDJRQDORULHQWDWLRQ  
$GGLWLYHKRUL]RQWDORULHQWDWLRQ  

)URP WKH DERYH SUHVHQWHG GDWD LW FDQ EH REVHUYHG WKDW WKH K\EULG PDQXIDFWXULQJ SURFHVV KDV D VLJQLILFDQW
DGYDQWDJHRYHUVWDQGDUGDGGLWLYHPDQXIDFWXULQJSURFHVVERWKLQWKHFDVHRIUDZPDWHULDODQGEXLOGWLPH6LJQLILFDQW
UHGXFWLRQRI UDZPDWHULDOFRQVXPSWLRQ LVREVHUYHG LQFRPSDULVRQ WR WKHVXEWUDFWLYHPDFKLQLQJSURFHVV$OWKRXJK
WKHEXLOG WLPH LVKLJKHUFRPSDUHG WR WKH VXEWUDFWLYHSURFHVVHV LW VKRXOGEHQRWHG WKDW WKH VHWXS WLPHZRXOGEHD
VLJQLILFDQWDGYDQWDJHIRUK\EULGSURFHVVZKHQFXVWRPL]HGVWUXFWXUHVZLWKDFRPSOH[GHVLJQDUHFRQVLGHUHG
7KH DERYH SUHVHQWHG SURGXFWLYLW\ FRPSDULVRQ JLYHV XV DQ LQGLFDWLRQ RI WKH HFRQRPLF DQG VXVWDLQDELOLW\
DGYDQWDJHV ZKHQ XVLQJ K\EULG PDQXIDFWXULQJ SURFHVV ,Q DGGLWLRQ WR WKHVH WKH GHVLJQ DGYDQWDJH RI DGGLWLYH
PDQXIDFWXULQJLVZHOOXQGHUVWRRG)XUWKHUWKHFRPELQDWLRQRIVKHHWPHWDOIRUPLQJDQGDGGLWLYHPDQXIDFWXULQJKDV
EHHQSUHVHQWHGZLWKLQYDULRXVSXEOLFDWLRQVRIWKHDXWKRUV>@DQGLVQRWSDUWRIWKHFXUUHQWLQYHVWLJDWLRQV:LWKLQWKH
FRPSDULVRQRIGLIIHUHQWPDQXIDFWXULQJWHFKQRORJLHVRIWKLVFKDSWHUPDQXIDFWXULQJWLPHKDVEHHQWDNHQLQWRDFFRXQW
IRU WKH K\EULG PDQXIDFWXULQJ SURFHVV $ VLJQLILFDQW DVSHFW RI WKH RYHUDOO VXVWDLQDELOLW\ GLVFXVVLRQ ZRXOG EH WKH
VXVWDLQDELOLW\RIUDZPDWHULDO7KLVLVKRZHYHUQRWFRQVLGHUHGDWWKLVVWDJHDQGZRXOGEHFRQVLGHUHGLQIXWXUHZRUN
&RQFOXVLRQDQGRXWORRN
:LWKLQWKLVUHVHDUFKZRUNDQHZSURFHVVFKDLQFRPELQLQJDGGLWLYHPDQXIDFWXULQJDQGVKHHWPHWDOIRUPLQJKDV
EHHQ SUHVHQWHG 7KH IRFXV RI WKH LQYHVWLJDWLRQV KDYH EHHQ IXQGDPHQWDO UHVHDUFK EDVHG RQ PDQXIDFWXULQJ RI
IXQFWLRQDO HOHPHQWV RQ 7L$O9 VKHHW PHWDO ZLWK D WKLFNQHVV RI ଴  PP 7KHUHE\ GLIIHUHQW SURFHVV
SDUDPHWHUVIRUWKHODVHUEHDPPHOWLQJSURFHVVKDYHEHHQLQYHVWLJDWHG7RHYDOXDWHWKHTXDOLW\RIK\EULGSDUWVFURVV
VHFWLRQV DQG PHFKDQLFDO FKDUDFWHULVWLFV RI WKHVH SDUWV KDYH EHHQ GLVFXVVHG )XUWKHU WKHVH UHVXOWV KDYH EHHQ
FRPSDUHG WR FRQYHQWLRQDOO\ DGGLWLYH PDQXIDFWXUHG SDUWV DV ZHOO DV PDFKLQHG SDUWV ZLWK LGHQWLFDO VSHFLPHQ
JHRPHWU\$VDUHVXOWLWKDVEHHQSRLQWHGRXWWKDWODVHUEHDPPHOWLQJRIIXQFWLRQDOHOHPHQWVRQLQLWLDOVKHHWPHWDOLV
KLJKO\ GHSHQGHQW RQ WKH FKRVHQ SURFHVV SDUDPHWHUV 3RURVLW\ FDQ EH UHGXFHG VLJQLILFDQWO\ E\ LPSURYHG DQG
DGYDQFHGVHOHFWLRQRI WKHSDUDPHWHUV ODVHUSRZHUDQGVFDQQLQJVSHHG%\FRPSDULQJWKHVKHDUERQGVWUHQJWKRID
K\EULGSDUWZLWKSXUHO\DGGLWLYHDQGPDFKLQHGSDUWVLWKDVEHHQSUHVHQWHGWKDWK\EULGSDUWVDUHFKDUDFWHUL]HGE\KLJK
VWUHQJWK 7KH K\EULG VKHDU ERQG VWUHQJWK RI K\EULG SDUWV LV UHDFKLQJ DERXW  RI WKH VWUHQJWK RI PDFKLQHG
VSHFLPHQV 7DNLQJ LQWR DFFRXQW WKH SUHVHQWHG RXWVWDQGLQJ DELOLW\ RI K\EULGPDQXIDFWXULQJ WR SURGXFH LQGLYLGXDO
SDUWVZLWKUHGXFHGEXLOGWLPHDQGUDZPDWHULDOFRQVXPSWLRQWKHKLJKSRWHQWLDOIRUWKHSUHVHQWHGLQQRYDWLYHSURFHVV
FKDLQLVHYHQPRUHGRPLQDQW
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH VXSSRUW SURYLGHG IRU SURMHFW % E\ ')* WKH *HUPDQ 5HVHDUFK
)RXQGDWLRQ XQGHU WKH FROODERUDWLYH UHVHDUFK FHQWHU &5&  ± $GGLWLYH 0DQXIDFWXULQJ )XWKHU WKH DXWKRUV
JUDWHIXOO\DFNQRZOHGJHIXQGLQJRIWKH(UODQJHQ*UDGXDWH6FKRROLQ$GYDQFHG2SWLFDO7HFKQRORJLHV6$27E\WKH
*HUPDQ5HVHDUFK)RXQGDWLRQ')*LQWKHIUDPHZRUNRIWKH*HUPDQH[FHOOHQFHLQLWLDWLYH:RUNLVSHUIRUPHGZLWK
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WKH VXSSRUW RI WKH0LQLVWU\RI(GXFDWLRQ DQG6FLHQFHRI WKH5XVVLDQ)HGHUDWLRQGHFUHH1 VWDWH FRQWUDFW1R
=
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